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USE OF IONIC LIQUIDS FOR PROTEIN
EXTRACTION

This application claims foreign priority of German appli-
cation no. 102005027172.3, filed on Jun. 13, 2005.

The present invention relates to a method for the extraction
ol proteins, protein fragments and/or peptides from biologi-
cal samples, where the extractants employed are 1onic liquids
of the general formula K*A™, to a kit for the extraction of

proteins, protein fragments and/or peptides, and to the use
thereol.

The detection or analysis of proteins 1s increasing in 1mpor-
tance 1n medicine. This applies 1n particular to the analysis of
tissue samples 1n order to ascertain signs of a disease or
evidence of a pathological change. For this purpose, analyses
of the complete proteome of the cell are investigated. To this
end, 1t 1s essential to extract all proteins of a given sample
quantitatively, since only analysis of all proteins involved 1n
their entirety allows conclusions to be drawn on diseases and
the genesis thereof.

The object was therefore to provide methods with the aid of
which proteins can be extracted from biological samples to
enable them to be analyzed further.

The present invention accordingly relates to methods for
the extraction of proteins, protein fragments and/or peptides
from biological samples, where the extractants employed are
ionic liquids of the general formula K¥A™.

Ionic liquids or liquid salts are 10nic species which consist
of an organic cation and a generally 1norganic anion. They do
not comprise neutral molecules and usually have melting
points below 373 K.

Intensive research 1s currently being carried out 1n the area
of 1onic liquids since the potential applications are multifari-
ous. Review articles on 1onic liquids are, for example, R.
Sheldon “Catalytic reactions 1n 10onic liquids”, Chem. Com-
mun., 2001, 2399-2407; M. J. Earle, K. R. Seddon “lonic
liquids. Green solvent for the future”, Pure Appl. Chem., 72
(2000), 1391-1398; P. Wasserscheid, W. Keim “lonische
Fliissigkeiten—neue Losungen fiir die Ubergangsmetallka-
talyse” [Ionic Liquids—New Solutions for Transition-Metal
Catalysis], Angew Chem., 112 (2000), 3926-3945;T. Welton
“Room temperature 10onic liquids. Solvents for synthesis and
catalysis™, Chem. Rev., 92 (1999), 2071-2083 or R. Hagiwara,
Ya. Ito “Room temperature 1onic liquids of alkylimidazolium
cations and fluoroanions™, J. Fluorine Chem., 105 (2000),
221-227).

Surprisingly, 1t has been found that 1onic liquids of the
general formula K¥A™ are suitable for the extraction of pro-
teins, protein fragments and/or peptides from biological
samples. This also applies if the biological samples have been
fixed, as 1s usually the case 1n sample preparation of biologi-
cal samples. Surprisingly, the extraction method according to
the 1nvention can also be used for fixed samples, which
expands the potential uses of the methods enormously. In this
way, biological samples can be treated umiversally by the
methods according to the invention 1n order to extract pro-
teins, protemn Ifragments and/or peptides therefrom. The
method according to the invention has the advantage that the
constituents to be extracted are not degraded, 1.e. their chemi-
cal constitution 1s retained. This 1s a significant advantage
over known methods, as described, for example, 1n WO 2004/
080579, 1 which the proteins to be extracted have to be
degraded to peptides 1n a proteolytic step 1n order to enable
subsequent analysis. Overall, the method according to the
invention thus enables simple preparation of biological
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2

samples for the 1solation of proteins, protein fragments and/or
peptides which was not accessible using the method
described from the prior art.

In the methods according to the invention, proteins, protein
fragments and/or peptides can be extracted from all biologi-
cal samples known to the person skilled in the art. The bio-
logical samples are preferably tissues, such as, for example,
biopsies and histological preparations, cells, cell cultures
and/or body fluids, such as, for example, blood, plasma,
serum, urine, liquor or saliva. The extraction of proteins from
tissues and cell cultures allows, 1n particular, the detection of
specific proteins, for example the detection of proteins which
indicate the presence of diseases. The method according to
the invention 1s therefore also particularly advantageous for
pathologically interesting tissue samples.

i

T'he biological samples may be unfixed or fixed, preferably
fixed. The fixing may have been carried out by all methods
known to the person skilled 1n the art, for example through the
use of formalin, glutaraldehyde, formalin substitutes, alco-
hols, such as, for example, ethanol, methanol or 1sopropanol,
or inert materials, such as, for example, paraflin, resins or
polymers.

The biological samples are preferably fixed using formalin.
Formalin 1s the most common fixing agent in the preparation
of histological samples and, owing to the low price and good
fixing action, 1s employed widely and has now been used for
more than one hundred years. However, fixing using formalin
has the disadvantage that crosslinking of the proteins with the
sample matrix occurs. The proteins consequently generally
become 1nsoluble and are not available for further analysis.
Through the use of 1onmic liquids 1n the methods according to
the mmvention, however, the proteins can also be extracted
from these samples with retention of their structure and then
analyzed further. In this way, the commonest fixing method
using formalin 1s expanded in its practicability without lim-
iting the possibilities of subsequent analysis. It 1s thus now
also possible using the methods according to the invention to
ivestigate samples which have already been preserved for a
very long time by means of the use of formalin using modern
protein analysis, 1.e. there 1s no time limit to the ability of
samples to be analyzed.

Allionic liquids of the general formula K*A™ known to the
person skilled 1n the art, for example with hexatluorophos-
phate, tetratluoroborate or halide anions, are suitable in the
methods according to the invention. Examples of suitable
ionic liquids are trihexyl(tetradecyl)phosphonium hexaftluo-
rophosphate, trihexyl(tetradecyl)phosphonium chloride and
trihexyl(tetradecyl)phosphonium tetrafluoroborate.

The anion A~ of the 1on1c liquid 1s preferably selected from
the group of the imides, in particular those of the general
formula

[N(Rp)2]>!

where R -denotes partially or tully tluorine-substituted alkyl
having 1 to 8 C atoms or R, X, where R, denotes partially or
tully tfluorine-substituted alkyl having 1 to 8 C atoms and X
denotes SO, or CO, from the group of the fluoroalkylphos-
phates, 1n particular those of the general formula

[PFI(C yF2y+ 1 —EHE) ﬁ—x] -

where 1=x<6, 1=y=8 and 0=z=2y+1, or mixtures thereof.

R, 1s preferably trifluoromethyl, pentatluoroethyl, non-
afluorobutyl or R,S0,, in particular trifluoromethyl or
R»S0,, where R, 1s particularly preterably tritfluoromethyl.
In the case of the fluoroalkylphosphates, preferably x=3, z=0
and y=2, 3 or 4, where y 1s very particularly preferably=2.
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Ionic liquids contamming the particularly preferred
[(CF,SO,), N]” or [PF,(C,F;);]” anions are particularly suit-
able for the extraction of proteins, protein fragments and/or
peptides 1n the methods according to the invention.

There are no restrictions per se with respect to the choice of 5

the cation K* of the ionic liquid. However, preference is given
to organic cations, particularly preferably ammonium, phos-
phonium, uronium, thiouronium, guanidinium or heterocy-
clic cations.

Ammonium cations can be described, for example, by the
formula (1)

[NR 4] (1),

where

R 1n each case, independently of one another, denotes H,
where all substituents R cannot simultaneously be H,

straight-chain or branched alkyl having 1-20 C atoms,

straight-chain or branched alkenyl having 2-20 C atoms and
one or more double bonds,

straight-chain or branched alkynyl having 2-20 C atoms and
one or more triple bonds,

saturated, partially or fully unsaturated cycloalkyl having 3-7
C atoms which may be substituted by alkyl groups having
1-6 C atoms,

in which one or more R may be partially or fully substituted
by halogens, in particular —F and/or —CI1, or R may be
partially substituted by —OH, —OR', —CN, —C(O)OH,
—C(O)NR',, —SO,NR',, —C(O)X, —SO,0H, —S0,X
or —NQO,,

one or two non-adjacent carbon atoms of the R which are not
in the a-position, 1.e. adjacent to N, may be replaced by
atoms and/or atom groups selected from the group —O—,

S . —S(())—:J —SOZ—, —SOQO—: —C(O)—f‘
—C(O)O ) N+R12—: —P(O)RTO ’ C(O)NRT—?‘
—S O ZNR'—,, —OP (O)RT O—: —P (O) (NR' 2)NRT—"

—PR',—N-— and —P(O)R"—,

R' may be=H, non-, partially or perfluorinated C,- to
Ce-alkyl, C;- to C,-cycloalkyl, or unsubstituted or substi-
tuted phenyl,

X=halogen,

or R may be OR', or NR',, with the proviso that at most one
substituent R 1n the formula (1) 1s OR' or NR',.
Phosphonium cations can be described, for example, by the

formula (2)

[PR?,]* (2),

where

R” in each case, independently of one another, denotes H,

straight-chain or branched alkyl having 1-20 C atoms,

straight-chain or branched alkenyl having 2-20 C atoms and
one or more double bonds,

straight-chain or branched alkynyl having 2-20 C atoms and
one or more triple bonds,

saturated, partially or fully unsaturated cycloalkyl having 3-7
C atoms which may be substituted by alkyl groups having
1-6 C atoms,

in which one or more R* may be partially or fully substituted
by halogens, in particular —F and/or —Cl, or R* may be
partially substituted by —OH, —OR', —CN, —C(O)OH,
—C(O)NR',, —SO,NR',, —C(O)X, —SO,0OH, —S0O,X
or —NO,,

one or two non-adjacent carbon atoms of the R* which are not
in the a-position, 1.e. adjacent to P, may be replaced by
atoms and/or atom groups selected from the group —O—,

S— —S(O)— —S0O0,— —S0,0— —C(O)—,

—C(0)O—, —N"R',—, —P(O)R'O—, —C(O)NR'—,
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4

—SO,NR'—, —OP(O)R'O—,

—PR',—N— and —P(O)R'—,
R'=H, non-, partially or perfluorinated C, - to C,-alkyl, C;-to

C,-cycloalkyl, or unsubstituted or substituted phenyl,
X=halogen,
or R* may be OR', NR'...

However, cations of the formulae (1) and (2) 1n which all
four or three substituents R and R* are fully substituted by
halogens are excluded, for example the tris(trifluoromethyl)
methylammonium cation, the tetra(trifluoromethyl)ammo-
nium cation or the tetra(nonatluorobutyl Jammonium cation.

Uronium cations can be described, for example, by the

formula (3)
[(R’RN)—C(—OR”)(NR°R")]*

—P(O)(NR';)NR'—,

(3),

and thiouronium cations can be described by the tormula (4)

[(R'R*N)—C(=SR”)(NR°R)]* (4),

where

R to R’ each, independently of one another, denote hydro-
gen, where hydrogen is excluded for R>,

straight-chain or branched alkyl having 1 to 20 C atoms,

straight-chain or branched alkenyl having 2-20 C atoms and
one or more double bonds,

straight-chain or branched alkynyl having 2-20 C atoms and
one or more triple bonds,

saturated, partially or fully unsaturated cycloalkyl having 3-7
C atoms which may be substituted by alkyl groups having,
1-6 C atoms,

in which one or more of the substituents R to R’ may be
partially or fully substituted by halogens, 1n particular —F
and/or —Cl, or R® to R’ may be partially substituted by
—OH, —OR' —CN, —C(O)OH, —C(O)NR',,
—SO,NR',, —C(0O)X, —SO,0H, —S0O,X or —NO.,,

one or two non-adjacent carbon atoms of R® to R’ which are
not 1n the a-position, 1.¢. adjacent to N, may be replaced by
atoms and/or atom groups selected from the group —O—,

S ’ —S(O)—: —SOZ—: —SO.’ZO—: 4(:(0)—:
—_C(0)O—, —N*R',—, —P(O)RO—, —C(O)NR'—,
_SO,NR'—, —OP(OR'O—, —P(O)NR',)NR'—,

—PR',—N—and —P(O)R"—,
R'=H, non-, partially or pertluorinated C, - to C,-alkyl, C;-to
C,-cycloalkyl, or unsubstituted or substituted phenyl, and
X=halogen.
Guanidinium cations can be described by the formula (5)

[C(NRSRQ)(NRIGRIl)(NRIERIS)]+ (5):

where

R® to R'" each, independently of one another, denote hydro-
gen,

straight-chain or branched alkyl having 1 to 20 C atoms,

straight-chain or branched alkenyl having 2-20 C atoms and
one or more double bonds,

straight-chain or branched alkynyl having 2-20 C atoms and
one or more triple bonds,

saturated, partially or fully unsaturated cycloalkyl having 3-7
C atoms, which may be substituted by alkyl groups having,
1-6 C atoms,

in which substituents R® to R'? may be partially or fully
substituted by halogens, 1n particular —F and/or —Cl, or
partially by —OH, —OR', —CN, —C(O)OH, —(C(O)
NR',, —SO,NR',, —C(O)X, —SO,0OH, —S0O,X or
—NO,,

one or two non-adjacent carbon atoms of R® to R'> which are
not 1n the a.-position, 1.¢. adjacent to N, may be replaced by
atoms and/or atom groups selected from the group —O—,
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S— —S(O)}— —S0O0,— —S0,0— —C(O)—,
—C(0)O—, —N"R';—, —P(O)R'O—, —C(O)NR'—,
—SO,NR'—, —OP(O)R'O—, —P(O)(NR',)NR"—,
—PR',—N—and —P(O)R"—
R'=H, non-, partially or perfluorinated C, - to C.-alkyl, C;- to
C--cycloalkyl, or unsubstituted or substituted phenyl,

X=halogen,
or R® to R"® may be —CN, NR',, —OR'.

In addition, 1t 1s possible to employ cations of the general
formula (6)

[HetNT]* (6),

where

HetN™ denotes a heterocyclic cation selected from the
group

R? R? R R?
.'f‘N / N\ 4 ! / /N\. !
R! R*, R? N R*,
+ | T

R? RY
Imidazolium 1 H-Pyrazolium
R? R* R> R?

RB.’: RBJ‘
/ N \N
, 4 R P
2 2
R N™ R N,

RY RY
3H-Pyrazolium 4H-Pyrazolium
R? R? R? R?

%?: RSF: RSﬁRS
R
N N
& N NN
R3 1|\T + R N, R

RY RY
1-Pyrazolinium 2-Pyrazolinium
RZ’ RE’ sz

\

_|_
R N R4’,., G \\‘ R4’
| R

L R%_/
N

RY RV ORY
3-Pyrazolinium 2,3-Dihydroimidazolinium
3 2! ; ;
R RRT R3 RZ
RZH 2 > /
+ \\ n
N N N N
Rlx-ﬂ" \( \Rdl_f: Rl,.f"' X \Rél"'?
R? RY R?
4,5-Dihydroimidazolinium  2,5-Dihydroimidazolinium
RSJ Rz.! Rz’
RZ’ R3’ N_<
; § :RT /4 \N
R¥ : Ny
RZ™ SN, ORY, R N7, ORY
/ \ |
R R¥ RY

Pyrrolidinium 1,2.4-Triazolium
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-continued

4 Rl : R4

4< A\
N— N 4 N—N
AL \
RZ’ \ ™~ R1
R?

1 ,2,4-Tr1&zmlmm 1,2,3-Triazolium 1,2,3-Triazolium
R R*
R, R RZ R?
! / f N / !
R2 T —+ \Rzp \T{\Rzp
RY RY
Pyridinium Pyridazinium
R

N)\

)‘\ Z

R% rf{
i

/
RY \R4’
Pyrimidinium Piperidinium
RB; O sz R2’ N R2’
R¥ R¥ N
RY RY, . N
/ \ |
R]’ R4’ Rl’
Morpholinium Pyrazinium

N
_|_
2 S\ |
RI" R¥ R RY
Indolium (Quinolinium
R? R?
R R?
= AN
A
R AN Z Npt
—I— s
R? R?
Isoquinolinium

!
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-continued
R?
R /l\ N R
x\// RN
‘ and
~ S
R2 X \N/ \R2
|+
R? R
(Quinoxalinium
R?
R
RY R
N R?
: /\T
R ] \R4,
Indolinium

where the substituents

R" to R* each, independently of one another, denote hydro-
gen,
straight-chain or branched alkyl having 1-20 C atoms,

straight-chain or branched alkenyl having 2-20 C atoms and
one or more double bonds,

straight-chain or branched alkynyl having 2-20 C atoms and
one or more triple bonds,

saturated, partially or fully unsaturated cycloalkyl having 3-7
C atoms which may be substituted by alkyl groups having
1-6 C atoms,

saturated, partially or fully unsaturated heteroaryl, het-
eroaryl-C,-C-alkyl or aryl-C,-C-alkyl,

in which substituents R' to R* may be partially or fully
substituted by halogens, 1n particular —F and/or —CI, or
—OH, —OR' —CN, —C(O)OH, —C(O)NR',,
—SO,NR',, —C(0)X,—S0O,0H, —SO, X or—NO,, but
where R' and R™ cannot simultaneously be fully substi-
tuted by halogens,

one or two non-adjacent carbon atoms of the substituents R"
to R* which are not bonded to the heteroatom may be
replaced by atoms and/or atom groups selected from

O, S, SOy, —SO,—, —S0,0,
-~ C(0)—, —C(O0O—, —NR,, —PORO .,
~ C(O)NR'—, —SO,NR'"—, —OP(O)R'O—, —P(O)
(NR',)NR'—, — PR',—N— and — P(O)R",

R'=H, non-, partially or perfluorinated C, - to C,-alkyl, C;- to
C,-cycloalkyl, or unsubstituted or substituted phenyl,
X=halogen,
and the substituents R', R*, R* and/or R* together may also
form a ring system, or may be —CN, —OR', —NR',,
—P(O)R’,, —P(O)OR'),, —P(O)(NR';),, —C(O)R’,
—C(O)OR".
For the purposes of the present invention, fully unsaturated
substituents are also taken to mean aromatic substituents.

In accordance with the invention, suitable substituents R
and R* to R"® of the compounds of the formulae (1) to (5),
besides hydrogen, are preferably: C,- to C,,-, 1n particular
C,-to C,  -alkyl groups, and saturated or unsaturated, 1.e. also
aromatic, C,- to C,-cycloalkyl groups, which may be substi-
tuted by C, - to C,-alkyl groups, 1n particular phenyl.

The substituents R and R* in the compounds of the formula
(1) or (2) may be identical or different. The substituents R and
R” are preferably different.
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The substituents R and R” are particularly preferably
methyl, ethyl, 1sopropyl, propyl, butyl, sec-butyl, tert-butyl,
pentyl, hexyl, octyl, decyl or tetra-decyl.

Up to four substituents of the guanidinium cation
[C(NR°R”)NR'"R'")(NR'R")]* may also be bonded in
pairs 1n such a way that mono-, bi- or polycyclic cations are
formed.

Without restricting generality, examples of such guani-
dinium cations are:

8 9
9 9 R R
R\N#R ‘\.Nx’

13 + 10

13 ™ 10 R )\ R

8 9
3 9 R R
R\NfR ‘\N./
Rl3 )\4— Rlﬂ

13 10 o :

R\NJ\N‘#R Ny N
\__/ s

RS\ /,Rg

RS\ ,.fRQ N

N
R )\* R!0
)\Jr me? \N Nf ?
N N
/
8 9
R\ fR
N 8 9
R\ /_,R
ng\ + R10, N
-~
T )\
) N N
X
/
R® R’ 8 9
N
PN )\Jr AN\ ad  pi3 )\Jr R10
N N ~ 7~
N N
-/
N—/N

where the substituents R® to R'® and R"® can have a meaning
or particularly preferred meaning indicated above.

If desired, the carbocyclic or heterocyclic rings of the
guanidinium cations indicated above may also be substituted
by C,- to C,-alkyl, C, - to Cs-alkenyl, NO,, F, Cl, Br, I, OH,
C,-C,-alkoxy, SCF,, SO,CF,, COOH, SO,NR'",, SO,X' or
SO,H, where X and R' have a meaning indicated above,
substituted or unsubstituted phenyl or an unsubstituted or
substituted heterocycle.

Up to four substituents of the uronium cation [(R°R*N)—
C(=O0R>)(NR°R/]* or thiouronium cation [(R’R*N)—C
(—=SR>)(NR°R")]* may also be bonded in pairs in such a way
that mono-, bi- or polycyclic cations are formed.
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Without restricting generality, examples of such cations
are 1ndicated below, where Y=0 or S:

RS R> RS
Y H Y
+ > R T RS + "
R3 RE N N RS )\ RS
N N
‘\N N./' U \N N/"
RS
R> R ¥
‘ 3 T 6
< % R\‘N/l\N’fR
R AR ){ RS, ,
\N/\N,f I\i N
RS
5
i |
3 + 6 Y
R'\ N /"R
N N N
N N
Y
P
5
| ¥
j\ |
_|_
and R° )\Jr RO >
N N \N N.f’
\ /
N=—N

where the substituents R>, R and R° can have a meaning or
particularly preferred meaming indicated above.

If desired, the carbocyclic or heterocyclic rings of the cat-
ions indicated above may also be substituted by C,- to
Cq-alkyl, C,- to C,-alkenyl, NO,, F, Cl, Br, I, OH, C,-C.-
alkoxy, SCF;, SO,CF;, COOH, SO,NR',, SO, X or SO ;H or
substituted or unsubstituted phenyl or an unsubstituted or
substituted heterocycle, where X and R' have a meaning indi-
cated above.

The substituents R> to R'” are each, independently of one
another, preferably a straight-chain or branched alkyl group
having 1 to 10 C atoms. The substituents R® and R*, R® and
R’,R*andR”,R'"”and R'' and R'* and R"> in compounds of
the formulae (3) to (5) may be identical or different. R> toR*°
are particularly preferably each, independently of one
another, methyl, ethyl, n-propyl, 1sopropyl, n-butyl, tert-bu-
tyl, sec-butyl, phenyl or cyclohexyl, very particularly preter-
ably methyl, ethyl, n-propyl, 1sopropyl or n-butyl.

In accordance with the invention, suitable substituents R*
to R* of compounds of the formula (6), besides hydrogen, are
preferably: C,-to C,,-, in particular C, - to C, ,-alkyl groups,
and saturated or unsaturated, 1.e. also aromatic, C;- to C,-cy-
cloalkyl groups, which may be substituted by C, - to C,-alkyl
groups, 1n particular phenyl.

The substituents R' and R™ are each, independently of one
another, particularly preterably methyl, ethyl, 1sopropyl, pro-
pyl, butyl, sec-butyl, tert-butyl, pentyl, hexyl, octyl, decyl,
cyclohexyl, phenyl or benzyl. They are very particularly pret-
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10

erably methyl, ethyl, n-butyl or hexyl. In pyrrolidinium, pip-
eridinium or indolinium compounds, the two substituents R*
and R* are preferably different.

The substituent R* or R” is in each case, independently of
one another, in particular hydrogen, methyl, ethyl, 1sopropyl,
propyl, butyl, sec-butyl, tert-butyl, cyclohexyl, phenyl or ben-
zyl. R* is particularly preferably hydrogen, methyl, ethyl,
isopropyl, propyl, butyl or sec-butyl. R* and R> are very
particularly preferably hydrogen.

The C,-C,,-alkyl group 1is, for example, methyl, ethyl,
1sopropyl, propyl, butyl, sec-butyl or tert-butyl, furthermore
also pentyl, 1-, 2- or 3-methylbutyl, 1,1-, 1,2- or 2,2-dimeth-
ylpropyl, 1-ethylpropyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl or dodecyl, optionally difluoromethyl, trifluorom-
cthyl, pentatluoroethyl, heptatluoropropyl or nonatluorobu-
tyl.

A straight-chain or branched alkenyl having 2 to 20 C
atoms, 1n which a plurality of double bonds may also be
present, 1s, for example, allyl, 2- or 3-butenyl, 1sobutenyl,
sec-butenyl, furthermore 4-pentenyl, 1sopentenyl, hexenyl,
heptenyl, octenyl, —C,H, ., —C, H,, to —C,,H,,, prefer-
ably allyl, 2- or 3-butenyl, 1sobutenyl, sec-butenyl, further-
more preferably 4-pentenyl, 1sopentenyl or hexenyl.

A straight-chain or branched alkynyl having 2 to 20 C
atoms, 1 which a plurality of triple bonds may also be
present, 1s, for example, ethynyl, 1- or 2-propynyl, 2- or
3-butynyl, furthermore 4-pentynyl, 3-pentynyl, hexynyl, hep-
tynyl, octynyl, —C,H, ., —C, H,, to —C,H,-, preferably
cthynyl, 1- or 2-propynyl, 2- or 3-butynyl, 4-pentynyl, 3-pen-
tynyl or hexynyl.

Aryl-C,-C-alkyl denotes, for example, benzyl, phenyl-
cthyl, phenylpropyl, phenylbutyl, phenylpentyl or phenyl-
hexyl, where both the phenyl ring and also the alkylene chain
may be partially or fully substituted, as described above, by
halogens, 1n particular —F and/or —Cl, or partially by —OH,
—OR', —CN, —C(O)OH, —C(O)NR's, —SO,NR',,
—C(0)X, —S0O,0H, —S0O,X, —NO.,,.

Unsubstituted saturated or partially or fully unsaturated
cycloalkyl groups having 3-7 C atoms are therefore cyclopro-
pyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclo-
pentenyl, cyclopenta-1,3-dienyl, cyclohexenyl, cyclohexa-1,
3-dienyl, cyclohexa-1,4-dienyl, phenyl, cycloheptenyl,
cyclohepta-1,3-dienyl, cyclohepta-1,4-dienyl or cyclohepta-
1,5-dienyl, each of which may be substituted by C,- to
Cs-alkyl groups, where the cycloalkyl group or the cycloalkyl
group substituted by C, - to C,-alkyl groups may 1n turn also
be substituted by halogen atoms, such as F, Cl, Br or I, in
particular F or Cl, or by —OH, —OR', —CN, —C(O)OH,
—C(O)NR',, —SO,NR',, —C(0O)X, —SO,0OH, —S0,X,
—NO,.

In the substituents R, R* to R or R' to R*, one or two
non-adjacent carbon atoms which are not bonded 1n the a.-po-
sition to the heteroatom may also be replaced by atoms and/or

atom groups selected from the group —O—, S—,
—S(0)}—, —S0O0,—, —S0,0—, —C(O)—, —C(0)O—,
—N"R',—, —P(O)R'O—, —C(O)NR'—, —SO,NR"—,
—OP(O)R'O—, —P(O)(NR',)NR'—, —PR',.—N— and

—P(O)R'—, where R'=non-, partially or perfluorinated ,- to
Cq-alkyl, C;-to C,-cycloalkyl, or unsubstituted or substituted
phenyl.

Without restricting generality, examples of substituents R,
R”to R"” and R' to R* modified in this way are:
—OCH,, —OCH(CH,),, —CH,OCH,, —CH,—CH,—

O CH,. ~ C,H,0CH(CH,),,  —C,H,SC,H.,
~ C,H,SCH(CH,).. — S(0O)CH,, ~ S0,CH,,
~ S0,C.H., ~ 80,C,H,, ~ SO,CH(CH,)..
~ S0,CH,CF,, —CH,SO,CH,, —O C,H, O
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c,H,, —CF,, —C,F.,, —C,F,, —C_,F,, —C(CF;);,
—CF,S0O,CF,, —C,F ,N(C,F)C,F., —CHF,,
—CH,CF,, —C,F,H,, —C,FH,, —CH,C,F,,
—(C(CFH,),, —CH,C(O)OH, —CH,C H., —C(O)C Hx
or P(O)(C,Hs),.
In R', C;- to C,-cycloalkyl 1s, for example, cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl.

In R', substituted phenyl denotes phenyl which 1s substi-
tuted by C, - to C-alkyl, C,- to C,-alkenyl, NO,, F, Cl, Br, I,
OH, C,-C,-alkoxy, SCF;, SO,CF,, COOH, SO,X', SO,NR",
or SO;H, where X' denotes F, Cl or Br, and R" denotes a non-,
partially or perfluorinated C,- to C,-alkyl or C;- to C,-cy-
cloalkyl as defined for R', for example 0-, m- or p-methylphe-
nyl, o-, m- or p-ethylphenyl, o-, m- or p-propylphenyl, o-, m-
or p-1sopropylphenyl, o-, m- or p-tert-butylphenyl, o-, m- or
p-nitrophenyl, o-, m- or p-hydroxyphenyl, o-, m- or p-meth-
oxyphenyl, o-, m- or p-ethoxyphenyl, o-, m- or p-(trifluorom-
cthyl)phenyl, o-, m- or p-(trifluoromethoxy)phenyl, o-, m- or
p-(trifluvoromethylsulfonyl)phenyl, o-, m- or p-fluorophenyl,
0-, m- or p-chlorophenyl, o-, m- or p-bromophenyl, o-, m- or
p-1odophenyl, furthermore preferably 2,3-, 2,4-, 2,5-, 2,6-,
3.4- or 3,5-dimethylphenyl, 2,3-, 2.4-, 2,5-, 2,6-, 3,4- or 3,5-
dihydroxyphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-difluo-
rophenyl, 2,3-, 2.4-, 2,5-, 2,6-, 3,4- or 3,5-dichlorophenyl,
2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-dibromophenyl, 2,3-, 2,4-,
2,5-, 2,6-, 3,4- or 3,5-dimethoxyphenyl, 3-fluoro-2-meth-
ylphenyl, 3,4,5-trimethoxyphenyl or 2,4,5-trimethylphenyl.

In R" to R*, heteroaryl is taken to mean a saturated or
unsaturated mono- or bicyclic heterocyclic radical having 5 to
13 ring members, in which 1, 2 or 3 N and/or 1 or 2 S or O
atoms may be present and the heterocyclic radical may be
mono- or polysubstituted by C, - to C,-alkyl, C,- to C,-alk-
enyl, NO,, F, Cl, Br, I, OH, C,-C,-alkoxy, SCF,, SO,CF,,
COOH, SO,X", SO,NR", or SO, H, where X' and R" have a
meaning indicated above.

The heterocyclic radical 1s preferably substituted or unsub-
stituted 2- or 3-furyl, 2- or 3-thienyl, 1-, 2- or 3-pyrrolyl, 1-,
2-, 4- or S-tmidazolyl, 3-, 4- or 5-pyrazolyl, 2-, 4- or 5-0x-
azolyl, 3-, 4- or 5-1soxazolyl, 2-, 4- or 5-thiazolyl, 3-, 4- or
S-1sothiazolyl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidinyl,
turthermore preferably 1,2,3-triazol-1-, -4- or -5-yl, 1,2,4-
triazol-1-, 4- or -3-yl, 1- or 5-tetrazolyl, 1,2,3-oxad1azol-4- or
-5-yl, 1,2,4-oxadiazol-3- or -3-yl, 1,3.4-thnadiazol-2- or -5-yl,
1,2,4-thhadiazol-3- or -5-yl, 1,2,3-thhadiazol-4- or -5-yl, 2-,
3-, 4-, 5- or 6-2H-thiopyranyl, 2-, 3- or 4-4H-thiopyranyl, 3-
or 4-pyridazinyl, pyrazinyl, 2-, 3-, 4-, 3-, 6- or 7-benzoturyl,
2-, 3-, 4-, 5-, 6- or 7-benzothienyl, 1-, 2-, 3-, 4-, 5-, 6- or
7-1H-1ndolyl, 1-, 2-, 4- or 5-benzimidazolyl, 1-,3-, 4-, 5-, 6-
or 7-benzopyrazolyl, 2-, 4-, 5-, 6- or 7-benzoxazolyl, 3-, 4-,
5-, 6- or 7-benzothiazolyl, 2-, 4-, 5-, 6- or 7-benzothiazolyl,
2-, 4-, 5-, 6- or 7-benzisothiazolyl, 4-, 5-, 6- or 7-benz-2,1,3-
oxadiazolyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl, 1-, 3-, 4-,
S-, 6-, 7- or 8-1soquinolinyl, 1-, 2-, 3-, 4- or 9-carbazolyl, 1-,
2-, 3-, 4-, 5-, 6-, 7-, 8- or 9-acndinyl, 3-, 4-, 5-, 6-, 7- or
8-cinnolinyl, 2-, 4-, 5-, 6-, 7- or 8-quinazolinyl or 1-, 2- or
3-pyrrolidinyl.

Heteroaryl-C,-C,-alkyl 1s, analogously to aryl-C,-C.-
alkyl, taken to mean, for example, pyridinylmethyl, pyridi-
nylethyl, pyridinylpropyl, pyridinylbutyl, pyridinylpentyl or
pyridinylhexyl, where the heterocycles described above may
turthermore be linked to the alkylene chain 1n this way.
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R
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where the substituents R* to R* each, independently of one
another, have a meaning described above.

The cations of the 1onic liquid according to the invention
are preferably ammonium, phosphonium, imidazolium, pyri-
dinium or pyrrolidinium cations.

Very particular preference 1s given to the use for the extrac-
tion 1n the methods according to the invention of ammonium,
phosphonium, 1imidazolium, pyridinium or pyrrolidinium tri-
fluoromethylsulfonylimides or ammonium or phosphonium
tris(pentafluoroethyl)trifluorophosphates, where trihexyl(tet-
radecyl)phosphonium hexafluorophosphate, trihexyl(tet-
radecyl)phosphonium chloride, trihexyl(tetradecyl)phospho-
nium tetrafluoroborate, N-(3-hydroxypropyl)-N-
methylpyrrolidinium bis(trifluoromethylsulfonyl)imide,
N-(ethoxymethyl)-N-methylpyrrolidinium  bis(trifluorom-
cthylsulfonylimide, N-(2-methoxyethyl)-N-methylpyrroli-
dintum bis(trifluoromethylsulfonyl imide, N-(2-methoxy-
cthyl)pyridinium bis(trifluoromethylsulfonyl)imide,
N-ethyl-4-(N,N-dimethylammonium )pyridinium bis(tritluo-
romethylsulfonyl)imide,  N-butyl4-(N,N-dimethylammo-
nium)pyridinium bis(trifluoromethylsulfonyl)imide,
N-hexyl4-(N,N-dimethylammonium )pyridinium bis(tritluo-
romethylsulfonyl)imide, 1-(3-hydroxypropyl)-3-methylimi-
dazolium bis(trifluoromethylsulfonyl)imide, 1-(ethoxym-
cthyl)-3-methylimidazolium  bis(trifluoromethylsulionyl)
imide, 1-(2-methoxyethyl)-3-methylimidazollum  bis
(trifluoromethylsulfonyl imide, 1-(2-ethoxyethyl)-3-
methylimidazolium bis(trifluoromethylsulfonyljimide, tetra-
butylammonium bis(trifluoromethylsulfonyl)imide,
tetracthylammonium bis(trifluoromethylsulfonyl Jimide, tri-
hexyl(tetradecyl)ammonium trifluoromethylsulfonylimide,
methyltrioctylammonium bis(trifluoromethylsulfonyl)
imide, (ethoxymethyl)ethyidimethylammonmium bis(trifluo-
romethyl sulfonyl)imide, (2-ethoxymethyl)ethyldimethylam-
monium bis(trifluoromethylsulfonylimide, (2-ethoxyethyl)
cthyldiethylammonium  bis(trifluoromethylsulfonyl)imide,
cthyldimethylpropylammonium  bis(trifluoromethylsulio-
nylimide, trihexyl(tetradecyl)phosphonium bis(trifluorom-
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cthylsulfonyl)imide, trihexyl(tetradecyl)phosphonium tris
(pentatluoroethyl)trifluorophosphate,
tetrabutylphosphonium tris(pentatluoroethyl)trifluorophos-
phate, tetramethylammonium tris(pentafluoroethyl)tritluo-
rophosphate, tetracthylammonium tris(pentatiuoroethyl )trii-
luorophosphate or tetrabutylammonium tris
(pentafluoroethyl)trifluorophosphate, and  particularly
preferably N-(3-hydroxypropyl)-N-methylpyrrolidinium bis
(trifluoromethylsulfonyl)imide, N-(ethoxymethyl)-N-meth-
ylpyrrolidinium bis(trifluoromethylsulfonyl)imide, trihexy-
I(tetradecyl)ammonium trifluoromethylsulfonylimide,
trihexyl(tetradecyl)phosphonium trifluoromethylsulio-
nylimide or tetrabutylammonium tris(pentatluoroethyl)trii-
luorophosphate, give particularly good results 1n the methods
according to the mvention.

The methods according to the invention can be carried out
at temperatures o1 0 to 95° C., preferably at 35 to 65° C. and
very particularly preferably at 60° C. At the preferred tem-
peratures, improved extraction in a relatively short time 1s
observed. For gentle extraction, in particular of relatively
sensitive proteins, protein fragments and/or peptides, 1t 1s
advisable to carry out the method according to the invention
at lower temperatures within the stated temperature range,
taking into account a longer extraction time which will be
necessary for this purpose.

The methods according to the invention are suitable for the
extraction of proteins, protein fragments and/or peptides from
biological samples with retention of the cellular basic struc-
ture of the samples. In addition, however, 1t 1s also concerv-
able to use the methods according to the invention for corre-
spondingly pretreated samples, 1n which, for example, the
cellular basic structure has been destroyed before use of the
methods according to the invention. This pretreatment can be
carried out 1n all ways known to the person skilled in the art,
for example by manual homogenization or by vortexing.

The extracts obtained with the aid of the methods accord-
ing to the invention comprise proteins, protein fragments
and/or peptides. These are suitable for all types of protein
analysis known to the person skilled 1n the art, for example
clectrophoresis (for example two-dimensional gel electro-
phoresis), immunochemical detection methods (for example
western blot analysis, ELISA, RIA), protein arrays (for
example planar and bead-based systems), mass spectrometry
(for example Maldi, Es1 and Seldi1) and all biochromato-
graphic separation methods (IEX, SEC, HIC and aflinity
chromatography).

The present invention likewise relates to a kit for the extrac-
tion of proteins, protein fragments and/or peptides by one of
the methods according to the invention described above, com-
prising at least one 1onic liquid. The kit according to the
invention may comprise one or more 1onic liquids. If the kat
comprises more than one 1onic liquid, these may be 1n sepa-
rate form or together in the form of a mixture. The above-
mentioned and particularly preferred 1onic liquids are prefer-
ably present in the kat.

In addition, the kit may, in a further embodiment, addition-
ally comprise at least one reagent which 1s suitable for the
precipitation of proteins, protein fragments and/or peptides,
where the reagent can be selected from all precipitation
reagents known to the person skilled in the art, for example
trichloroacetic acid.

The kit according to the invention enables the user to
extract proteins from biological samples in a simple manner
and, 1f desired, also to precipitate them for use in further
analysis.
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The present invention likewise relates to the use of the kits
according to the invention for the extraction of proteins, pro-
tein fragments and/or peptides from biological samples.

Even without further comments, 1t 1s assumed that a person
skilled 1n the art will be able to utilize the above description in
the broadest scope. The preferred embodiments and examples
should therefore merely be regarded as descriptive disclosure
which 1s absolutely not limiting 1n any way.

Without further elaboration, 1t Is believed that one skilled
in the art can, using the preceding description, utilize the
present invention to its fullest extent. The following preferred
specific embodiments are, therefore, to be construed as
merely 1llustrative and not limitative of the remainder of the
disclosure 1n any way whatsoever.

In the forgoing and 1n the following examples, all tempera-
tures are set forth uncorrected in degrees Celsius and, all parts
and percentages are by weight, unless otherwise indicated.

EXAMPLES

Example 1

1 g of a formalin-fixed tissue sample (for example lung,
heart, kidney, liver, spleen) 1s washed a number of times with
10 ml of 1sotonic phosphate-builered saline solution and cut
into small pieces using a scalpel. 0.1 g of the cut-up sample 1s
mixed with 60 ul of trihexyl(tetradecyl)phosphonium trifluo-
romethylsulfonylimide and incubated at 60° C. over a period
of two hours 1n a rotary mixer. The supernatant solution 1s
separated off and can be employed for further analysis of the
proteins present therein.

Protein Analysis

An SDS-polyacrylamide gel electrophoresis 1s carried out
as follows with the extract obtained 1n Example 1: 3 ul of the
protein extract are mixed with 16 ul of SDS sample applica-
tion bufler (3M Tris pH 8.5, 24% of glycerol (v/v), 8% of
sodium dodecylsulfate (w/v), 2% of 2-mercaptoethanol,
0.1% of Bromophenol Blue (w/v)), and the mixture 1s incu-
bated at 95° C. for 5 minutes. After centrifugation at 10,000x
g, the sample 1s applied to a 10% SDS-PAGE and separated
for 90 minutes at 120 volts.

For identification of the extracted proteins, a Western Blot
of the gel 1s carried out using antibodies, for example against
the membrane protein calnexin (90 kDa, anticalnexin, C-ter-
minal, 1:2000, Calbiochem Cat. No.: 208880). In the Western
Blot analysis, calnexin 1s identified 1n 1ts native molecular
S1Ze.

Overall, 1t 1s found that the methods according to the inven-
tion are advantageously suitable for the extraction of proteins
from biological samples.

The entire disclosure of all applications, patents and pub-
lications, cited herein and of corresponding German Appli-
cation No. 10 2005 027 172.3, filed Jun. 13, 2005 1s incorpo-
rated by reference herein.

The preceding examples can be repeated with similar suc-
cess by substituting the generically or specifically described
reactants and/or operating conditions of this mvention for
those used 1n the preceding examples.

We claim:

1. A method for extraction of proteins, protein fragments
and/or peptides from a biological sample, comprising treating
said biological sample with an extractant, wherein the extrac-
tant employed is an ionic liquid of the formula K*A™, wherein
K™ 1s a cation selected from the group consisting of ammo-
nium, phosphonium, uronium, thiourontum, guanidinium or
a heterocyclic cation and A™ 1s an anion of formula [N(R ), ]",
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wherein R, 1s a partially or fully fluorine-substituted alkyl 5. A method according to claim 1, wherein the extraction 1s
having 1 to 8 C atoms or R , X, wherein carried out at a temperature from between 0° C. to 95° C.
Ry, 1s a partially or fully fluorine-substituted alkyl having 1 6. A method according to claim 1, wherein A~ is an anion
to 8 C atoms and of formula [N(R),]”, wherein R, is trifluoromethyl, pen-

X 18 SO, or CO, or a fluoroalkylphosphate of formula 5 tafluoroethyl, nonafluorobutyl or R 50,
[PF (C,F,,,, He . ]°, wherein 1=x<6, 1=y=8 and
O=z=2vy+1;

or a mixture of said formulas.

2. A method according to claim 1, wherein the biological
sample comprises tissues, cells, cell cultures and/or body 10
fluids, or a mixture thereof.

3. A method according to claim 1, wherein the biological _ !
sample is fixed. or a mixture of said formulas.

7. A method according to claim 1, wherein A~ 1s an anion
of formula [N(R/),]”, wherein R .1s trifluoromethyl.

8. A method according to claim 1, wherein A™ 1s an anion
of formula [N(R),]™, wherein R1s as defined in claim 1 and

X 1s a fluoroalkylphosphate of formula [PF3(CyF2y+ Dl
wherein y=2, 3, or 4;

4. A method according to claim 3, wherein the biological
sample 1s fixed using formalin. * ok sk ok ok
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